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 10 
ABSTRACT 11 
Common bean (Phaseolus vulgaris L.) was introduced to East Africa over 400 years ago and is 12 
today a fundamental part of food and income security of many smallholder farmers in the region. 13 
East Africa is among the top three bean producing and consuming regions of Africa with Uganda, 14 
Rwanda and Kenya being leaders in production. The leading common bean producing region in 15 
Uganda is the Southwestern (SW) highlands. Production is subsistent and farmers grow mixed 16 
varieties (accessions) to minimize losses. The aim of this study was to investigate the impact of 17 
farmer selection and production practices on genetic diversity of common bean in SW Uganda. 100 18 
accessions were assembled from SW Uganda and assayed with 6 DNA Simple Sequence Repeats 19 
(SSRs) markers. A total of 41 alleles were detected giving an overall average gene diversity of 20 
0.299 (30%) in both districts. The accessions clustered into two major gene pools i.e., 21 
Mesoamerican and Andean. Within each gene pool there was evidence of clonal populations 22 
suggesting wide distribution of certain accessions. Kabale district had a higher average gene 23 
diversity (38%) compared to Kisoro district (22%). Detection of Andean phaseolin in a clone set of 24 
Mesoamerican gene pool suggests introgession between the two groups.  25 
 26 
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INTRODUCTION 1 
Common beans (Phaseolus vulgaris) occupy over 90% of the total area under Phaseolus production 2 
world-wide (Singh et al., 1991). It is a major component of food and income security for many rural 3 
and urban populations in developing countries. Beans are an introduced crop from Latin America 4 
(Opio et al., 2001) and are divided into two major gene pools i.e. the Andean gene pool 5 
characterized by large seeds and the Mesoamerican gene pool characterized by small to medium 6 
sized seeds. Genetic diversity studies have revealed existence of secondary centres of diversity 7 
outside the primary centres of origin and diversity in Central and South America (Santalla et al., 8 
2002, Zhang et al., 2008, Burle et al., 2011).  Since its introduction in the 16th century to East 9 
Africa, bean production has expanded to both highland and lowlands with the highest production 10 
occurring in highland to mid-altitude lowlands (Wortmann, 1998). Farmers in East Africa 11 
traditionally cultivate a mixture of cultivars as an insurance against crop losses usually caused by 12 
several biotic and abiotic constraints (Jarvis et al., 2007). Farmers make complex choices about 13 
seeds to include in their mixtures that may in part, represent varietal preference, adaptation to 14 
specific agro-environmental conditions and resistance to biotic and abiotic stresses (David et al., 15 
1997, Sicard et al., 2005). While professional plant breeders seek to develop few varieties that are 16 
stable overtime and adapted to a wide range of environments, farmer selection and cultivation 17 
practices maintain diverse locally adapted accessions (Berg, 1993, Ceccarelli et al., 1996, Louette 18 
and Smale, 2000, Worthington et al., 2012). 19 
 20 
The study of genetic diversity among and within the cultivars can provide an insight into the crop 21 
and genome evolution. Genetic diversity studies of beans in Africa and Asia have not been well 22 
documented compared to Europe or the Americas. Such diversity studies could support breeding 23 
activities by both farmers and plant breeders (Parker and Gilbert, 2004). It also provides the basis 24 
for conservation and sustainable use of plant genetic resources needed to meet the demand for 25 
future food security. Genetic diversity based on genetic information is more informative supporting 26 
inference of past and present evolutionary processes. Neutral evolutionary genetic markers such as 27 
microsatellites or simple sequence repeats are particularly useful because they capture signature of 28 
past evolutionary events without bias (Le Corre and Kremer, 2003). The common bean has a large 29 
number of potential SSR markers identified in its genome that could be used to study genetic 30 
diversity (Yu et al., 2000, Gaitán-Solís et al., 2002, Blair et al., 2011). In this study, we tested the 31 
hypothesis that selection and adaptation processes of bean accessions maintains characteristics of 32 
biological and agronomic importance, and at the same time supports evolution of novel genotypes 33 
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and genetic diversity. The hypothesis was tested by examining the extent of genetic diversity among 1 
farm-saved seed within and between the Andean and Mesoamerican gene pools from bean 2 
producing communities in the SW highlands of Uganda.  3 
 4 
MATERIALS AND METHODS 5 
Description of the study area and sample collection 6 
The study samples were collected from Kabale and Kisoro districts of SW Uganda (Figure 1). Both 7 
districts are situated between 1219 – 2347 m above sea level with an average temperature of 17.5 °C 8 
but sometimes it drops to 10 °C at night. Annual precipitation range between 1000 – 1480 mm per 9 
annum and the soils are volcanic and feralitic in nature with high clay fraction and base saturation. 10 
The wet and cool weather conditions favour outbreaks of Pythium root rots, a situation that has 11 
forced farmers to adjust their local varietal mixtures to remain in bean production.  12 
 13 
 In order to capture both phenotypic and genetic information on the nature of genetic diversity, seed 14 
samples were randomly collected from farmers, traders and stockists selected from 11 sub-counties 15 
of the two districts. The sub-counties were Bubare, Bufundi, Hamurwa, Kanaba, Kyanamira, Muko, 16 
Nyakabande, Nyarisiza, Nyundo and Rubaya and Gasiza. A total of 80 samples, each weighing 17 
about 1 Kg and generally consisted of seed mixtures, were separated into 426 accessions based on 18 
seed phenotypes. 19 
 20 
Phenotypic characterisation of accessions 21 
From each accession, 20 seeds were saved for further morpho-agronomic characterisation at the 22 
National Agricultural Research Laboratories Institute, Kawanda in Uganda. Phenotypic attributes 23 
assessed for each accession were those commonly used to identify the two major gene pools i.e. 24 
Mesoamerican and Andean gene pools i.e. seed size –large, medium and small; Leaf shape-deltoid, 25 
cordate, rhomboid, lanceolate and Bracteole shape- triangular, lanceolate, ovate and cordate. Data 26 
was taken on the percentage composition of each trait expressed out of the total seed samples 27 
planted per collection. The attributes were also scored using quantitative and qualitative 28 
assessments including length in cm and leaf shape respectively. These assessments were used for 29 
cluster analysis as implemented in NTSYSpc ver. 2.02 (Rohlf, 1992). Following cluster analysis, a 30 
simple sampling strategy was used to select 20% of the morpho-agronomically clustered accessions 31 
to represent the diversity of bean collections (Brown, 1989). Through this process 100 accessions 32 
were selected to represent bean diversity of SW Uganda (Table 1), and were included in further 33 
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diversity analyses.  1 
 2 
Molecular analyses 3 
From each accession selected as described above, one seed per accession was randomly picked and 4 
planted out in the field for seed multiplication and sampling for molecular analysis under controlled 5 
conditions at the National Agricultural Research Laboratories based in Kawanda. Leaf samples 6 
were taken from 2-week-old seedlings of these accessions and used for DNA extraction using a hot 7 
CTAB method (Doyle, 1987).  The DNA pellet was air-dried and dissolved in 1X Tris-EDTA buffer 8 
(Sambrook and Russell, 2001). RNA was removed from the DNA samples by treatment using 9 
RNAse A (Sigma-Aldrich, Saint Louis, MO, USA). The DNA concentration was determined using a 10 
Hoefer fluorometer (Hoefer Inc. San Francisco, USA). Total DNA concentrations of all samples 11 
were adjusted to 10 ng µL-1 for PCR assays. 12 
 13 
PCR  14 
Six SSR markers (J04555, U18791 M75856 and X80051 (Yu et al., 2000); GATS91 and BM143 15 
(Gaitán-Solís et al., 2002) (Table 2) were selected for the study. PCR was conducted using a 16 
MyCycler thermocycler (Bio-Rad Laboratories, Inc. Hercules, CA, USA). The PCR reaction was 17 
carried out in a final volume of 20 µL containing 10 ng of genomic DNA, 0.1 µM of each of the 18 
primer pairs, 10 mM of Tris-HCl (pH 7.2), 50 mM of KCl, 1.5 to 2.5 mM of MgCl2, depending on 19 
the primer combination, 250 mM of total dNTP and 1 unit of Taq polymerase (Roche Diagnostics, 20 
Indianapolis, IN, USA). The PCR cycle consisted of an initial hot start at 94°C for 5 min; followed 21 
by 10 cycles of a touchdown process where the annealing temperature was lowered by 1 °C per 22 
cycle until the optimal annealing temperature was reached. The main PCR cycle consisted of 30 23 
cycles of 94 °C for 30 sec, primer X °C for 45 sec and 72 °C for 45 sec.; followed by a final 24 
extension at 72 °C for 7 min and the reaction was held at 4°C. Success of PCR was confirmed by 25 
electrophoresis run on 2% agarose and eventually positive reactions were separated on 4% 26 
denaturing polyacrylamide gels and the fragments visualized by silver staining (Creste et al., 2001).  27 
 28 
Phaseolin analysis 29 
Phaseolin, the major storage protein of common bean has been used to identify Mesoamerican and 30 
Andean bean gene pools. PCR primers can differentiate S phaseolin gene family from the T 31 
phaseolin type (Kami et al., 1995). S phaseolin is characteristic of the Mesoamerican gene pool and 32 
yields two homoduplex PCR products, whereas T phaseolin produces three homoduplex PCR 33 
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amplicons that is characteristic of the Andean gene pool. The primer pair Phas1 (5’-AGC ATA TTC 1 
TAG AGG CCT CC-3’) and Phas2 (5’-GCT CAG TTC CTC AAT CTG TTC-3’ was used under 2 
optimal conditions of 2 mM MgCl2, 200 µM dNTPs, 0.2 µM primers, and 40 cycles of PCR 3 
consisting of 94°C for 30 s, 55°C for 30 s, and 72 °C, for 45 s, with 10ng of DNA.  4 
 5 
 6 
Data analysis 7 
Each clearly separated SSR amplification band was treated as an allele and scored using a binary 8 
system of 1 when the specific SSR was detected and 0 when absent.  The binary data was subjected 9 
to phenetic analysis using the neighbour joining method as implemented in Treecon for Windows  10 
version 1.3b (Van de Peer and De Wachter, 1994). The binary data was also used to investigate 11 
population structure. Population structure, also sometimes referred to as genetic structure, refers to 12 
the amount the genetic variation within and between populations (Hartl et al., 1997). Population 13 
structure can provide insight into recent and past evolutionary processes of a population. In the case 14 
of beans this would elucidate the impacts of farmer selection practices of genetic diversity.  A three 15 
level hierarchical sampling strategy was used. The district level was the highest hierarchy followed 16 
by sub-counties within districts and finally farms or other sources of bean seed such as trader within 17 
each sub-county. This approach permits the capture of genetic information in a systematic manner 18 
minimizing bias thus reducing Type I statistical errors.  Samples were collected from 10 sub-19 
counties in the two study districts. Gasiza sub-county of Kisoro district had only 2 samples and was 20 
eliminated from further analysis. Genetic structure was inferred using the analysis of molecular 21 
variance (AMOVA) (Excoffier et al., 1992) as implemented in ARLEQUIN version 2.0 (Schneider 22 
et al., 2000). AMOVA approach was based on samples from six sub-counties of Kabale district and 23 
four sub-counties of Kisoro district. The fraction of the total variance within populations of each 24 
sub-county (FST), variance between populations of different sub-counties within the 2 districts (FSC) 25 
and variance between the two districts (FCT) were computed. The significant probabilities were 26 
based on values generated from 1023 random permutations of SSR profiles among populations. The 27 
number of polymorphic sites and haplotype frequencies were determined using ARLEQUIN 28 
procedure. The average gene diversity over loci was computed as a probability that two 29 
homologous loci are different (Nei, 1987, Tajima, 1993). 30 
31 
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RESULTS 1 
Diversity based on phenotypic characterisation 2 
Phenotypic analysis of the accessions collected for SW Uganda revealed the presence of two 3 
distinct gene pools of beans, i.e. Andean and Mesoamerican gene pools. Andean genotypes 4 
generally had larger leaves averaging 8.6 cm (range 6-12) compared to 8.1 cm mean (range 5-12) 5 
leaf size of the Mesoamerican genotypes. Longer internodes on the main stem of average 5.8 cm 6 
(range 2-14) were recorded in the Andean group compared to an average of 4.7 cm (range 2-13) 7 
observed in the Mesoamerican clade. Other clearly marked differences that explained the groupings 8 
were seed size, bracteole size, colour of standard, and pod beak position (Table 3). The cluster 9 
analysis based on the morphological characters confirmed the presence of the two distinct groups 10 
with 41 Andean and 59 Mesoamerican accessions (Figure 2).  There were more genotypes in the 11 
Mesoamerican group than the Andean cluster. Four monomorphic clades (I - IV) were observed in 12 
the Mesoamerican cluster and only one monomorphic clade in the Andean cluster. Monomorphic 13 
clade I was composed of six accessions and all were collected from western Kabale and the eastern 14 
Kisoro. Monomorphic clone II had 5 Mesoamerican accessions, 3 of which were collected from 15 
traders in Kisoro and 2 from farmers in Kabale district. The third monomorphic clade was the 16 
biggest observed with 10 accessions, three of which were Andean genotypes all collected from 17 
Kabale, and 7 were Mesoamerican genotypes comprising of 2 accessions from Kisoro and 4 from 18 
Kabale. Monomorphic clade IV had a mixture of Andean and Mesoamerican genotypes that were 19 
collected from Bubare and the neighbouring Muko sub-counties of Kabale district. Similarly 20 
monomorphic clade V had a mixture of Andean and Mesoamerican genotypes which were all 21 
collected from Rubaya sub-county of Kabale district.  22 
 23 
Diversity based on molecular data 24 
Diversity based on DNA. A total of 41 alleles were detected with an average of 7.8 alleles per 25 
locus ranging from 2 alleles for X80051 to 14 alleles for U18791 from the six polymorphic SSRs 26 
(Figure 4). The average percentage polymorphism of accessions collected from both districts was 27 
71.7%. There was a generally a higher average gene diversity over loci (38.14%) among accessions 28 
from Kabale district compared to those of Kisoro district (21.7%) which ranged from 20 to 39% in 29 
Kabale district compared to a range of 25 to 31% in Kisoro district. Muko sub-county, which shares 30 
its western border with Kisoro district, had the lowest diversity in Kabale district. In general, 31 
accessions from Kabale district were more polymorphic than those from Kisoro district. Analysis of 32 
population genetic structure based on analysis of molecular variance (AMOVA) revealed no genetic 33 
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differentiation amongst the populations from the two districts (FST = 0.000, P < 0.001). Genetic 1 
variation within bean accessions from the two districts of SW Uganda was due to differences at the 2 
sub-county level. Phenetic analysis based on SSR data revealed two major groups that correspond 3 
to Mesoamerican and Andean gene pools (Figure 3). The first cluster contained more accessions 4 
belonging to the Mesoamerican gene pool. The second cluster had accessions that possessed both 5 
Andean and Mesoamerican features but was predominantly composed of the Andean genotypes. 6 
 7 
Diversity based on phaseolin. Analysis of genetic variation based on phaseolin seed protein 8 
corroborated the DNA-based analysis using SSRs. Up to 80% of the accessions belonging to the 9 
Andean gene pool cluster had the typical Andean gene pool T-type phaseolin, while only 56% of 10 
accessions belonging to the Mesoamerican gene had the typical S-type phaseolin (Plate 5). The 11 
Andean gene pool, which generally consisted of materials introduced by plant breeders, was more 12 
genetically uniform compared to the Mesoamerican gene pool, which is not targeted for this region. 13 




In this study no genetic structure was found between bean samples from Kabale and Kisoro districts 18 
suggesting that all these beans being cultivated within this region can be considered as one 19 
population. However the study also shows that a proportionally higher diversity was found in 20 
Kabale than in Kisoro district (Table 4). The absence of a genetic structure suggests that farmers 21 
deploy and exchange similar genotypes in SW Uganda. This finding is supported by farmer survey 22 
data which revealed that over 60% of the farmers buy their stock from and sell to local farmers 23 
(Buah et al., 2010). A higher diversity however was detected in Kabale district perhaps due to 24 
farmers planting their own saved seed. Planting variety mixtures of farm saved seed is a strategy 25 
that farmers use to maintain diversity and resilience of their farming system (De Boef et al., 2010). 26 
In the case of SW Uganda, it is appears that farmers use this approach to maintain diverse 27 
genotypes as an insurance against stresses. In another study in the same areas, it was found that 28 
farmers have changed their varieties over time, replacing susceptible bush type genotypes with 29 
climbing beans that are more tolerant to root rot, the most prevalent disease in these areas (Buah et 30 
al., 2010). Interestingly, farmers in this region grow both Andean and Mesoamerican bean varieties. 31 
Mesoamerican materials are generally resistant to root rot whilst Andean genotypes are very 32 
susceptible. The cultivation of both bean gene pools and often in mixtures, is a useful strategy for 33 
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disease management (Mundt and Leonard, 1986). This is partly because the two gene pools respond 1 
to disease pressures preferentially due to host-pathogen coevolution as reported for angular leaf spot 2 
(Guzmán et al., 1995), anthracnose (Geffroy et al., 1999, Geffroy et al., 2000) and bean rust 3 
(Arunga et al., 2012). 4 
 5 
The average gene diversity, which measure the amount of heterozygosity at each loci especially for 6 
self-pollinated species such as common beans, was moderate but below 0.5 or 50% at (0.3 or 30%). 7 
For a self-pollinated crop such as beans, this is common in areas where there is some level of 8 
diversity such as secondary centres of Portugal (0.293) (Martins et al., 2006) and (0.317) in Spain 9 
(Santalla et al., 2002). The findings of this study agree with those earlier reported on low rate of 10 
adoption of novel bean varieties in Kabale (Ampaire, 2003).  This suggests that as an introduced 11 
species spreads, the colonisation process results in different subsets of the original diversity in 12 
different sites suggested by this study (Parker and Gilbert, 2004). 13 
A second observation was that the common bean accessions classified into the two major groups of 14 
Andean and Mesoamerican gene pools using six microsatellite markers and supported by phaseolin 15 
PCR analysis (Figure 3). Accessions of the Mesoamerican lineage were more prevalent than the 16 
Andean genotypes. We deduce that the SW Ugandan bean accessions include genotypes of both 17 
gene pools and that the gene pool imbalance could be a consequence of farmer preferences for agro-18 
morphological characteristics that favour the Mesoamerican accessions. This finding is not 19 
surprising because many genetic diversity studies have shown that the two gene pools exist 20 
alongside each other in various bean growing areas, but instead supports the notion that both pools 21 
were disseminated from their centres of origin to new areas. Both gene pools has been reported in 22 
China (Zhang et al., 2008), the Caribean (Durán et al., 2005), Brazil (Chiorato et al., 2007, Pereira 23 
et al., 2009), Malawi (Khairallah et al., 1990) and in Europe (Logozzo et al., 2007) where common 24 
beans were introduced. 25 
While it is clear that beans were introduced to Africa in the 16th century (Opio et al., 2001), it is not 26 
clear whether or not the early introductions comprised only one race or both races. In Spain and 27 
Portugal where beans were first introduced from the New World, both gene pools/races are present 28 
and it is therefore possible that both races were concurrently introduced to Africa as was the case 29 
elsewhere (Gepts and Debouck, 1991).  Once introduced bean genetic diversity was either eroded 30 
by preference for particular gene pool cultivars or maintenance of diverse accessions as was the 31 
case in Africa. In this study we found evidence of high genetic diversity within gene pools (Tables 3 32 
and 4). We also found Mesoamerican genotypes that possessed Andean phaseolin (Figure 3). 33 
Characterisation of common bean accessions 
 9 
Appearance of Andean phaseolin in the Mesoamerican group suggests genetic introgression 1 
between the two gene pools. We presume that these introgressions took place in the farmers’ fields 2 
due to cross-pollination among different bean types that are from various sources and are being 3 
frequently tested by farmers. This is possible given that while the common bean is about 95% a 4 
self-pollinated crop geneflow to neighbouring fertile varieties is possible (Papa and Gepts, 2003). 5 
Indeed, Africa is considered a secondary centre of diversity of bean due to the presence of unique 6 
bean genotypes only found in Africa and not elsewhere (Gepts and Debouck, 1991). In other 7 
studies, recombination across gene pool boundaries has been reported (Rodiño et al., 2006). In 8 
Africa, presence of both gene pools has been reported, among others places, in Uganda (Okii et al., 9 
2014), Kenya and Ethiopia (Asfaw et al., 2009). 10 
 11 
CONCLUSIONS 12 
The accessions used in farmer mixtures in South-western Uganda are genetically diverse (Average 13 
Nei's = 0.299). This region can, therefore, be assigned a secondary centre of diversity for common 14 
beans. The proportion of genetic diversity was generally higher in Kabale than in Kisoro district. 15 
The inter-gene pool recombinants that exist in Uganda are of interest to breeders, pathologists and 16 
geneticists because they could harbour unique attributes that could be used to improve beans further 17 
for the region and globally. Overall this study clearly shows that the farmer practices of maintaining 18 
bean variety mixtures actually is invariably supporting creation of novel genotypes that farmers 19 
select and maintain. It is recommended that such zones be well characterized and controlled 20 
released and promotion of novel genotypes be managed tapping into existing diversity.   21 
 22 
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luster District S/county 
1 small round flat cream  monochrome dull Kabale Rubaya 
2 small round flat pink   monochrome shiny Kisoro Kanaba 
3 small round flat cream  monochrome dull Kisoro Kanaba 
4 small elongate flat pink  monochrome shiny Kabale Muko 
5 small elongate flat red  monochrome shiny Kabale Muko 
6 small round flat black  monochrome shiny Kabale Muko 
7 small round flat cream black mottled shiny Kabale Kyanamira 
8 medium elongate oval cream  monochrome shiny Kisoro Nyakabande 
9 small round flat grey  monochrome shiny Kisoro Nyakabande 
10 medium elongate flat maroon  monochrome shiny Kisoro Kanaba 
11 small round flat cream  monochrome shiny Kisoro Kanaba 
12 medium elongate flat white  monochrome dull Kisoro Kanaba 
13 large elongate flat red cream speckled shiny Kabale Bubare 
14 small round flat cream black mottled dull Kabale Kyanamira 
15 medium round oval purple  monochrome shiny Kabale Kyanamira 
16 large elongate flat red cream speckled dull Kabale Hamurwa 
17 medium round oval cream maroon speckled dull Kabale Rubaya 
18 small elongate flat grey  monochrome dull Kabale Rubaya 
19 small round flat cream  monochrome shiny Kabale Rubaya 
20 small elongate flat cream purple zebra stripes dull Kabale Muko 
21 large elongate flat red  monochrome shiny Kabale Kyanamira 
22 small elongate flat grey  monochrome shiny  Kisoro Muhinddura 
23 large elongate flat red  monochrome dull Kisoro Muhinddura 
24 medium round flat purple cream mottled dull Kabale Hamurwa 
25 small round flat cream black mottled dull Kabale Hamurwa 
26 small round flat cream  monochrome dull Kabale Hamurwa 
27 small round flat cream black monochrome dull Kisoro Nyarusiza 
28 small elongate oval cream purple zebra stripes dull Kabale Bubare 
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29 large elongate oval maroon  monochrome shiny Kabale Bubare 
30 small round flat cream  monochrome dull Kabale Bubare 
31 large elongate oval red cream speckled shiny Kabale Bubare 
32 large elongate flat red cream speckled shiny Kabale Bubare 
33 medium round flat purple  monochrome shiny Kabale Bubare 
34 medium elongate flat purple cream mottled shiny Kabale Bubare 
35 large elongate flat maroon  monochrome shiny Kabale Bufundi 
36 small elongate flat black  monochrome dull Kabale Bufundi 
37 small round flat cream black mottled dull Kabale Bufundi 
38 small elongate flat red  monochrome shiny Kabale Bufundi 
39 large elongate flat cream  monochrome shiny Kisoro Nyundo 
40 large round flat cream  monochrome shiny Kisoro Nyundo 
41 medium elongate flat red  monochrome shiny Kisoro Nyundo 
42 small elongate flat cream purple zebra stripes shiny Kisoro Nyundo 
43 medium elongate flat cream grey zebra stripes shiny Kisoro Nyundo 
44 small elongate flat grey  monochrome shiny Kabale Muko 
45 medium elongate flat grey brown speckled shiny Kabale Hamurwa 
46 medium elongate oval cream brown speckled dull Kabale Hamurwa 
47 large elongate flat red cream speckled dull Kabale Bubare 
48 medium elongate flat dark red  monochrome shiny Kabale Bufundi 
49 medium round oval purple cream mottled dull Kabale Bufundi 
50 small elongate flat pink  monochrome dull Kabale Bubare 
51 small round flat cream  monochrome shiny Kabale Hamurwa 
52 medium round flat yellow  monochrome shiny Kisoro Nyundo 
53 medium elongate flat cream black zebra stripes shiny Kisoro Nyundo 
54 large elongate flat cream black zebra stripes shiny Kisoro Nyundo 
55 small round oval grey  monochrome dull Kabale Kyanamira 
56 small elongate flat grey  monochrome dull Kabale Kyanamira 
57 medium elongate flat red  monochrome shiny Kisoro Nyarusiza 
58 small elongate flat red  monochrome dull Kisoro Nyarusiza 
59 small elongate flat yellow  monochrome shiny Kisoro Nyarusiza 
60 medium round flat cream  monochrome dull Kisoro Nyundo 
61 medium elongate flat cream  monochrome dull Kisoro Nyundo 
62 medium elongate flat black  monochrome dull Kisoro Nyundo 
63 medium Round oval Cream brown speckled shiny Kabale Hamurwa 
64 small round flat cream  monochrome dull Kisoro Nyakabande 
65 small round flat grey  monochrome dull Kisoro Nyakabande 
66 medium elongate flat red  monochrome shiny Kisoro Nyakabande 
67 medium elongate flat red  monochrome shiny Kabale Rubaya 
68 medium elongate oval cream  monochrome dull Kisoro Nyakabande 
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69 small elongate flat cream  monochrome dull Kabale Rubaya 
70 small round flat cream black mottled dull Kabale Rubaya 
71 medium round flat grey  monochrome dull Kabale Rubaya 
72 large elongate flat purple cream speckled dull Kabale Rubaya 
73 large elongate flat cream black zebra stripes dull Kisoro Nyundo 
74 small elongate flat red  monochrome shiny Kisoro Nyundo 
75 small round flat cream purple zebra stripes dull Kisoro Kalambi 
76 small round flat brown  monochrome shiny Kisoro Kalambi 
77 Small round flat Cream   Monochrome Dull Kisoro Nyarusiza 
78 medium elongate flat red  monochrome shiny Kabale Muko 
79 medium elongate flat cream grey zebra stripes dull Kabale Muko 
80 small round flat cream black mottled dull Kabale Bufundi 
81 small elongate flat cream purple zebra stripes dull Kabale Bufundi 
82 medium elongate flat red  monochrome shiny Kabale Bufundi 
83 medium round flat purple cream mottled dull Kabale Bufundi 
84 small round flat grey  monochrome shiny Kabale Bufundi 
85 medium elongate oval red cream mottled dull Kabale Muko 
86 small round flat brown  monochrome dull Kabale Kyanamira 
87 small round flat cream  monochrome dull Kabale Bufundi 
88 small round flat cream  monochrome dull Kabale Rubaya 
89 small elongate flat pink  monochrome shiny Kabale Rubaya 
90 medium round flat cream grey speckled dull Kabale Kyanamira 
91 small round flat cream black mottled dull Kabale Kyanamira 
92 medium round flat purple  monochrome shiny Kabale Kyanamira 
93 medium elongate flat red  monochrome shiny Kisoro Nyundo 
94 small round flat red  monochrome shiny Kabale Hamurwa 
95 small round flat cream  monochrome shiny Kisoro Gasiza 
96 small elongate flat cream purple zebra stripes dull Kisoro Gasiza 
97 small round flat cream  monochrome dull Kabale Bubare 
98 large elongate flat maroon  monochrome shiny Kabale Bubare 
99 medium elongate flat purple cream speckled shiny Kabale Bubare 































1 J04555 Kinase-1 protein 
(PHVPVPK) 
152 5 51 B04 (Yu et al., 
2000) 
2 U18791 Hydroxyproline-rich 
glycoprotein precursor 
(PVU18791) 
239 14 49 B04, B11 (Yu et al., 
2000) 
3 X80051 NADP-dependent 
malic enzyme 
(PVME1G) 
192 2 49 B09 (Yu et al., 
2000) 
4 GATS91 Genomic 229 9 47 B02 (Gaitán-Solís 
et al., 2002) 
5 BM143 Genomic 143 9 42 B02 (Gaitán-Solís 
et al., 2002) 
6 M75856 Pathogenesis related 
protein 3 
(PHVPVPR3A) 
157 2 51 B11 (Yu et al., 
2000) 
1These primers are linked to loci associated with plant physiology such as defence (kinase, per PVU18791 and PR3), 9 
wide range of metabolism (PVME1G) and microsatellites with very high polymorphism information content loci 10 



















Table 3 Seed phenotypic traits of the 100 selected accessions collected from Southwestern Uganda  8 













































































a = These phenotypes are based on descriptions in the International Board on Plant Genetic Resources, Descriptors list 9 
for Common Beans (IBPGR, 1982). 10 
 11 
Table 4 Molecular diversity indices of bean accessions from Southwestern Uganda. Indices were compared 12 
based on SSR data as implemented in Arlequin. 13 
 District  
 Kabale Kisoro  
Populations*/indices Bub Buf Ham Rub Kya Muk Nya Nyz Nyu Kan Mean 
No. of samples 14 12 9 11 10 8 6 5 14 5 9.4 
Polymorphism (%) 82.9 82.9 85.4 80.5 73.2 58.5 70.7 48.8 69.4 65.1 71.7 
Mean pairwise 13.5 14.8 16.1 12.7 12.8 8.3 10.7 10.4 11.1 10.6 12.1 




diversity over loci 
(%) 
32.9 36.2 39.2 31.0 31.2 20.2 26.2 25.4 30.8 25.9 29.9 
 1 
* Bub = Bubare, Buf = Bufundi, Ham = Hamurwa, Rub =  Rubaya, Kya = Kyanamira, Muk = 2 
Muko, Nya = Nyakabande, Nyz = Nyarusiza, Nyu = Nyundo, Kan = Kanaba. 3 
 4 
5 
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Figures and Figure legends 1 
Figure 1 A sketch map of Uganda showing the location of the study area in Kabale and Kisoro districts. The 2 












Characterisation of common bean accessions 
 20 
Figure 2 A dendrogram showing the genetic relationships among common bean accessions grown by farmers 1 
in SW Uganda. Eight phenotypes were used to characterise the genotypes. The bean cultivars RWR 719, a 2 
typical Mesoamerican genotype and CAL 96, a typical Andean genotype, were used to group the accessions 3 
into Andean and Mesoamerican genotypes of SW Uganda. The phenetic tree was drawn using UPGMA as 4 
implemented in NTSYS (Rohlf, 1992). 5 
Similarity coefficient
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Figure 3 A rooted phenetic tree showing genetic relationships among common beans from SW Uganda based 1 
on 6 SSR loci derived using the Neighbour Joining method (Nei, 1987). Genotypes 60, 58, 65, 13, 57, 16, 61, 2 





Characterisation of common bean accessions 
 22 
Figure 4 Polymorphic PCR amplicons assessed on the basis of different size of fragments as generated by the 1 
SSR primer BM143 on polyacrylamide gels. M = 25/100 base pair ladder, numbers at the top of each gel 2 
represent accession identification numbers. Visualisation was by silver staining (Creste et al., 2001). 3 
 4 
Figure 5 Phaseolin patterns for Mesoamerican and Andean bean genotypes of SW Uganda. A = fingerprint 5 
pattern for Andean genotypes, B = fingerprint pattern for Mesoamerican genotypes; M = 25/100 DNA size 6 
ladder. The figures on top of the gel represent accession identification numbers. 7 
 8 
 9 
